Objective: To evaluate the validity of a new lipid-based index (Disse index) in assessing insulin sensitivity (IS) compared with the hyperinsulinemic-euglycemic (HIEG) clamp in overweight and obese, nondiabetic, postmenopausal women, before and after a weight loss intervention. Research design and methods: Association between Disse index and the HIEG clamp was evaluated in 86 non-diabetic postmenopausal overweight and obese women before and after weight loss. Percentage changes (%D) were calculated for several fasting indices and compared with %D of HIEG clamp. Results: We observed a strong correlation between Disse index and HIEG clamp (rZ0.69, P!0.001). This association was higher than those of homeostasis model assessment (HOMA), quantitative insulin sensitivity check index (QUICKI), and McAuley indices while no significant difference was observed with Revised-QUICKI. Percent change of Disse index (pre-versus post-weight loss program) was significantly correlated with %D of HIEG clamp (rZ0.34, P!0.01). This correlation was similar to those observed for the other indices tested. Conclusions: We validated the reliability of Disse index in assessing IS in non-diabetic post-menopausal overweight and obese women, before and after weight loss intervention. Disse index may be useful not only for insulin resistant diagnostics in this type of population, but also for the IS follow-up after a weight-loss program and weight stabilization. The presence of lipid elements in this fasting index improves the estimation of IS in overweight and obese non-diabetic post-menopausal women and could add more information about peripheral IS.
Introduction
Simultaneous and coordinated function of pancreatic b-cells, liver, and peripheral tissues, mainly muscles, maintain the normal glucose homeostasis (1) . The hyperinsulinemic-euglycemic (HIEG) clamp is the reference method of insulin sensitivity (IS) measurement (2); however, it is costly and technically demanding. To simplify this, several surrogate indices for IS assessment have been developed using glucose and insulin at fasting levels. The validity of these indices relies on how well they correlate with IS measured by the HIEG clamp. Presently, HOMA index is the most widely used followed by QUICKI and both have been broadly evaluated. However, they were less effective in healthy than in insulin resistant populations (3) .
For this reason, several groups have developed different formulas with additional metabolic markers to assess IS. McAuley et al. observed that the variables that best predicted IS were fasting insulin and fasting triglycerides in a population of 178 normoglycemic individuals, thus the use of triglycerides and insulin in the formula resulted in a higher sensitivity in predicting IS (4) . Similarly, Perseghin et al. demonstrated that incorporating non-esterified fatty acids (NEFA) to the QUICKI equation improved its association with the HIEG in nonobese subjects (5) . This was further confirmed by Rabasa-Lhoret et al. in a large population with a wide IS range, where Revised-QUICKI was better correlated to HIEG clamp, which means that it would be suitable for population screening (6) .
More recently, we developed a new fasting index for IS assessment in a population of 70 (31 men, 39 women) French normoglycaemic, non-obese individuals, which takes into account fasting levels of high density lipoprotein (HDL) cholesterol, total cholesterol, and NEFA (Table 1) (7) . We observed a higher correlation between the clamp and Disse index (rZ0.79, P!0.0001) in this healthy population, compared with other fasting indices, including HOMA and QUICKI indices (rZK0.52, rZ0.52, P%0.0001 respectively) (7) .
Menopause transition is associated with body fat redistribution, with a preferential accumulation of abdominal adipose tissue, which is related to an increased risk of cardiovascular and metabolic diseases (8, 9) . As decreased IS is one major contributor to this and is commonly present in this population, it is important to make an early detection and quantification of insulin resistance. Therefore, the aim of the present study was to evaluate the validity of this new lipid-based index, Disse index, in assessing IS compared with the HIEG clamp in a risk population of non-diabetic postmenopausal obese and overweight women, both before and after a 6-month weight loss program.
Research design and methods
We performed the correlation analysis in non-diabetic postmenopausal overweight and obese women subjects recruited for a weight-loss study by the Montreal Ottawa New Emerging Team (MONET) in the Department of Nutrition, Université de Montréal (10) (11) (12) . The cohort included 137 women who were weight stable for 2 months prior to the study and met the following criteria: i) body mass index (BMI) more than 27 kg/m 2 , ii) cessation of menstruation for more than 1 year and a FSH level of more than or equal to 30 U/l, iii) sedentary (!2 h/week of structured exercise), iv) non-smokers, v) low to moderate alcohol consumers (less than two drinks per day), vi) free of known inflammatory disease, and vii) no use of hormone replacement therapy within the last 3 months. All participants had no history or evidence of the following: i) cardiovascular disease, peripheral vascular disease or stroke, ii) diabetes (2 h plasma glucose !11.0 mmol/l after a 75 g oral glucose tolerance test), iii) body weight fluctuation G2 kg in the last 6 months, iv) thyroid or pituitary disease, v) infection by medical questionnaire examination and complete blood count, and vi) taking medication that could affect cardiovascular function and/or metabolism. Additionally, the subjects did not have evidence of polycystic ovary syndrome, which could affect the relation between the HIEG clamp and the surrogate's indices (13) . The study was approved by the Université de Montréal Ethics Committee. After reading and signing the consent form, each participant was submitted to a series of tests.
Subjects underwent a weight loss intervention for 6 months induced by a hypocaloric diet (1100-1800 kcal with an energy deficit of 500-800 kcal/day) with or without resistance training. Out of the 137 subjects, 107 women completed the study, from which 84 women had complete data sets of the required parameters. Subjects underwent a HIEG clamp (insulin infusion rate: 75 mU/m 2 per min) for 180 min as previously described (10-12) before and after weight loss. Glucose disposal rate (M; milligrams per minute per kilogram of free fat mass) was calculated from measurements taken during the final 30 min of the clamp. IS was expressed as the ratio of M corrected by fat-free mass (Mffm) over insulin (Mffm/I). Fasting serum insulin (RIA, Medicorp, Montreal, Canada), NEFA (NEFAC test, Wako Chemicals, Richmond, VA, USA), glucose, total cholesterol, HDL cholesterol, and triglycerides (COBAS INTEGRA 400, Roche Diagnostics) were measured before and after weight loss as previously described (10) (11) (12) . All measurements were conducted following a period of 1 month of supervised weight stability (variation within 2 kg). Free fat mass was evaluated by dual-energy X-ray absorptiometry (version 6.10.019 General Electric Lunar Corporation, Madison, WI, USA). Fasting-derived IS indices were calculated as previously published (Table 1; 3-5, 7, 14) .
Statistical analysis
Statistical differences between clinical and metabolic characteristics before and after weight loss were assessed by the Wilcoxon rank test. Percentage change of each index and of Mffm/I was calculated as %DZ((value after weight loss!100)/value before weigh loss)K100). Spearman correlation coefficient was calculated to express the strength of the relationship between the simple fasting indices and Mffm/I. Comparison of correlations was made using the Table 1 Indices of insulin sensitivity derived from fasting measurements.
Fasting index
Formula Reference 
NEFA, non-esterified fatty acids. 
Results
Characteristics of subjects before and after weight loss are presented in Table 2 as well as measures of insulin action. Mean age was 58.1 years (S.E.M.G0.5), only two patients were under the age of 50 (46 years old). Table 3 shows the correlation coefficient between HIEG clamp and each of the fasting-based indices, before and after weight loss in the whole population and in the overweight and obese subgroups. The association between Mffm/I and the different indices was statistically significant in the whole study population. However, Disse index showed a higher association with Mffm/I than HOMA, QUICKI, and McAuley (P!0.05) by using the comparison test between correlations (15). No significant difference was observed with Revised-QUICKI (PZ0.17).
Bland-Altman plots showed the good agreement between Mffm/I and Disse index, Revised QUICKI, HOMA, and QUICKI, demonstrating that !6% were outside 1.96 S.D. for Disse index and Revised QUICKI (Fig. 1) and !7% for HOMA and QUICKI (data not shown).
When the population was divided into overweight (BMIZ25-30 kg/m 2 ) and obese (BMIO30 kg/m 2 ) subgroups, we observed a strong association between Mffm/I and Disse index in obese subjects, although it was not statistically different to other fasting indices used, except for McAuley (P!0.05). As for the overweight group, we observed similar associations between Mffm/I and the different indices. Disse index yielded a consistent relationship with Mffm/I after weight loss in all subjects (Table 3) .
The percent changes of Disse index was significantly correlated with %D of Mffm/I (rZ0.34, P!0.01). This correlation was similar to those observed for the other indices (data not shown).
Discussion
Fasting-based indices offer important advantages in estimating IS as they are obtained from few fasting blood samples and are well correlated with HIEG clamp in different populations (3, 14) . Despite their practicality in estimating IS in large cohorts, it was shown that fasting indices using glucose and insulin values represent hepatic rather than peripheral insulin resistance (16) (17) (18) . In an effort to improve the effectiveness of these simple indices, new mathematical models have been described using additional variables (4-5). Recently, we developed a new fasting index of IS in a non-obese population that incorporates the lipid profile in its calculation (7) and was highly related to HIEG clamp even if it does not include glucose value in its calculation (7) like most surrogate fasting indices.
To be widely used, any measurement method should show a good correlation with the gold standard in any population. This is also the case for fasting indices, as different populations have different metabolic profiles and their performance could vary from one to another. Indeed, the existing fasting indices, like HOMA-IR, QUICKI, and revised QUICKI have been validated in different studies in distinct populations with different glucose tolerance and various levels of IS, though the performance of each index was different depending on the type of population considered (3, 5, 6, 14, 16, 19) . In this study, we confirmed the good correlation between the Disse index and the HIEG clamp in a Canadian population of non-diabetic post-menopausal overweight and obese population, as was previously observed in a French population of normoglycemic nonobese subjects (7).
In addition to an accurate estimation of IS, it is essential that an index closely track variation of this parameter. Compared to other surrogate indices, Disse index showed a good correlation with the clamp before and after weight loss intervention. The Bland-Altman plot ( Fig. 1) showed !6% of disagreement between Disse index and the clamp HIEG before weight loss, with a good agreement after weight loss (!4% of disagreement, data not shown). In addition, the % of change of Disse index showed a significant correlation to % of change of the HIEG clamp, to a similar extent as that previously reported for QUICKI in a type 2 diabetes mellitus HIEG clamp study, before and after a diet and exercise intervention (19) . All these results suggest that Disse index could be useful for IS follow-up during a weight loss intervention. It is important to note that the measurement of NEFA was done after a period of stable weight, as we and others previously reported that NEFA levels affected surrogate indices results during weight loss because they reflected mainly lipolysis induced by diet rather than resistance to the anti-lipolytic effect of insulin (20, 21) . It is interesting to note that among the fasting indices tested, Disse index and Revised QUICKI, which incorporate circulating NEFA in their formulas, showed the highest association with the clamp before weight loss. As previously reported in several trials performed in adults, we obtained a better estimation of whole body IS by adding NEFA in fasting formulas as an indirect measure of the anti-lipolytic effect of insulin than when only glucose and insulin measures are taken into account (5, 6, 22, 23) . Indeed, increased lipolysis characterized by high plasma levels of NEFA is a common feature of an early peripheral insulin resistance (24) . However, the use of NEFA in a simple index has a pre-analytical limitation related to determination of NEFA plasma levels. To prevent in vitro lipolysis that could provoke a false high result, samples need to be centrifuged or an anti-lipolytic drug needs to be added, soon after they are taken (25) . Neither of these two solutions is convenient on a large scale scenario like clinical practice. To have a collection tube with the antilipolysis product all ready to use could solve this problem.
It has been shown that age could affect IS (26) . However, in a population of obese post-menopausal women, Ozbey and co-workers (27) showed no difference in HOMA and fasting insulin between older (O50 years old) and younger (!50 years old) women. In addition, age might not be considered as a confounding factor in the present study since the population was homogeneous for age, (mean age was 58.1 in obese and overweight subjects), and only two subjects were !50 years (46 years old).
IS could also differ substantially between overweight, obese, and type 2 diabetic individuals (28, 29) . In the case of postmenopausal women, fat redistribution and more particularly increased visceral fat is related to increased insulin resistance and high NEFA circulating levels (30, 31) . This could affect the performance of fasting indices as previously reported (3, 6) . Therefore, we divided the population into overweight and obese subgroups in order to assess whether these correlations were affected by the degree of adiposity. Correlations between the surrogate indices and the HIEG clamp were similar between the obese group and the whole population. Although the relationship between the HIEG clamp and surrogate indices was weaker in individuals with lower BMI (3, 6, 28) , Disse index showed a good association with the HIEG clamp in overweight subjects, suggesting that it is reliable in both overweight and obese women and is able to diagnose insulin resistance in a wide range of nondiabetic women.
In conclusion, we validated the reliability of new Disse index in post-menopausal non-diabetic overweight and obese women and demonstrated its efficiency after a weight-loss intervention. Disse index may be useful not only for insulin resistant diagnostics but also for the IS follow-up after a weight-loss program. The presence of lipid profile elements in Disse index improves the estimation of IS in non-diabetic adult subjects. It also could give more information about peripheral IS and may be of particular interest to identify insulin resistant subjects (7) . Further studies need to be performed to assess Disse index efficiency in populations with different IS levels like polycystic ovary syndrome and type 2 diabetes mellitus. Also, future studies should address the influence of lipid disorders and lipidlowering treatment on the effectiveness of Disse index in assessing IS in dyslipidemia.
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